The pneumococcus is a ubiquitous organism which colonizes the nasopharynx at rates ranging from about one third of healthy children in industrialized countries, ' to over 80% among Australian aboriginal children 2 and among children in the highlands of Papua New Guinea.
including damage to the defences of the respiratory tract as a result of chemical exposure or viral infection and generalized immunodeficiency consequent upon conditions such as diabetes, the nephrotic syndrome, sickle cell disease and HIV infection. However, for children in developing countries there is frequently no obvious predisposing factor for invasive disease.
During a 2-year period we have conducted surveillance for pneumonia, meningitis and septicaemia among children attending outpatient and under-fives clinics in a rural area of The Gambia in order to determine the importance of the pneumococcus in the aetiology of these diseases in preparation for a pneumococcal vaccine trial. As a component of this investigation, we have conducted a case-control study to investigate possible risk factors for serious pneumococcal disease examining those factors which may affect an individual's response to the pneumococcus, and those which determine the ability of the organism to cause disease. In this paper we present the results of our investigations of nutritional, medical, socioeconomic and environmental risk factors for serious pneumococcal disease.
METHODS

Study Population
The study was conducted in the Upper River Division of The Gambia. The total population of the area is approximately 125 000 with 68.5% residing on the south bank of the River Gambia which bisects the country. Three ethnic groups account for 95% of the population: Mandinka (40%), Serahule (35%) and Fula (20%). Over 300 discrete settlements have been identified in Upper River Division which vary in size from one or two families to villages of over 4000 inhabitants, usually composed of a single ethnic group. Basse, the main town, has a mixed population of approximately 12 000.
Patient Selection and Investigation
The study was conducted between June 1989 and May 1991. Trained clinical assistants (nurses or field workers) attended outpatient and under-fives clinics at health centres and their trekking clinics over the southern half of Upper River Division. Children aged under 5 years who attended these clinics were screened and were transported to the Medical Research Council (MRC) field station at Basse for investigation of possible pneumonia, meningitis or septicaemia if they met the following screening criteria:
Possible pneumonia-respiratory rate &50/min if aged <12 months, or respiratory rate >40/min if aged S*12 months.
(A respiratory rate of ^50/min was used for all ages until December 1989, after which the respiratory rates above were introduced.)
Possible meningitis-stiff neck, or bulging fontanelle or fever and convulsions in a child <2 years.
Possible septicaemia-general malaise and failure to feed, plus a temperature of <36°C or >38.5°C (>38.O°C if aged <1 month) Patients referred were seen by a project nurse who obtained a history in the appropriate local language. They were then examined by a paediatrician. Blood samples were taken for estimation of packed cell volume and for preparation of a thick blood film which was stained and examined for malaria parasites. A chest x-ray was performed if a child had a raised respiratory rate or if a diagnosis of pneumonia was suspected on clinical grounds. Total and differential white blood cell counts and blood cultures were performed for children diagnosed as having pneumonia, meningitis, suspected septicaemia or other possible bacterial infections such as septic arthritis. Whenever possible, urine samples were collected for antigen detection. Lumbar puncture was performed in patients with suspected meningitis and a small number of selected patients with radiological evidence of lobar consolidation underwent lung aspiration.
A final diagnosis was made by the study paediatrician on the basis of history, examination and the results of laboratory investigations. Laboratory methods are described in detail elsewhere. 4 The study was approved by the Gambia Government/ MRC Joint Ethical Committee. Children were included in the study subject to verbal consent from parents or guardians. Written consent was obtained for children undergoing lung aspiration.
Case Definition
Pneumococcal cases were classified as having definite or probable disease according to the following criteria. Other pneumococcal infections. These were classified as definite if Streptococcus pneumoniae was isolated from a normally sterile body site, for example synovial fluid, or probable if urine antigen testing was positive and a focus of infection was apparent, for example an otitis media.
Pneumococcal pneumonia
Selection of controls.
Within one week following the presentation of a child with pneumococcal disease, a visit was made to the child's home. Two healthy children were selected randomly from the local community by spinning a pencil while standing in the centre of the case's compound and then proceeding in the direction indicated by the point of the pencil, omitting the first two compounds encountered and, subject to parental consent, seeking the first suitable healthy child thereafter. This procedure was then repeated for the location of a second healthy child. Healthy children were matched to the pneumococcal case's age within 3 months for cases aged <2 years, and within 6 months for older children.
Questionnaire
A questionnaire covering potential risk factors for pneumococcal disease was administered to the families of the cases and the controls within one week of identification of the case by trained project staff using the appropriate local language. The questionnaire included data on socioeconomic and environmental factors, as well as nutritional data and information relating to recent illness and treatment. Relevant information on previous serious illnesses including lower respiratory tract infections, measles and meningitis, was obtained from the infant welfare card or parent and documented. Weight progress and immunization status were recorded from the infant welfare card.
Questions were included on breastfeeding, weaning and details of current diet including type of food, frequency of intake, and whether the child was supervised when feeding or used his own or a communal food bowl. An estimate of intake of vitamin A was made based on the weaning status of the child and whether vitamin A rich foods were included in the diet.
Details of parental education, occupation, possessions and personal maternal income were documented. An estimate of the overall wealth of the family was obtained by evaluating the total number of animals and goods owned by the parents. A score for wealth was devised based upon the quartile distribution of the estimates obtained for the families of the controls.
Information was included on family size, under-fives mortality, sleeping arrangements, size and ventilation of the bedroom, recent exposure to crowds at social gatherings or clinics, and domestic exposure to tobacco or other smoke.
Heights and weights were measured at the time of presentation at the clinic for the cases and at the time of interview for the controls, and these were standardized for age for the analysis.
Statistical Methods
Odds ratios were calculated for each individual variable and examined with confidence intervals and the Mantel-Haenszel significance test stratified by age matched sets. Since the cases and controls were age matched, all resulting odds ratios were thus adjusted for age. Multiple conditional logistic regression analysis was then performed, and the effects of each variable, adjusted for all the others, were assessed by the likelihood ratio test statistic (x 2 ). The final model of the multiple regression analysis included those factors which remained significant.
RESULTS
Cases and Controls
One hundred and three children with pneumococcal disease, including 70 definite and 33 probable cases, were detected during the 2-year period of the study. Twenty-three of these children were not included in the case-control study, seven because they were identified before the case-control study became operational, five because they came from areas on the north bank where access for home visiting and selection of controls within the allocated time was not possible, and the remainder because of delay in confirming the diagnosis of pneumococcal disease or because of failure to locate the home of the case due to an incorrect address. Thus, 80 pneumococcal cases, including 56 with definite pneumococcal disease, and 159 healthy controls were investigated in the case-control study. The diagnoses for the pneumococcal cases were pneumonia (63 cases), meningitis (7 cases), septicaemia (5 cases); five children had other diseases including two children with septic arthritis and three with otitis media.
The characteristics of the cases and the controls are shown in Table 1 . The mean age (standard deviation) of the pneumococcal cases was 14.0 (10.2) months while that of the healthy controls was 14.2 (10.3) months. There was no difference in risk of pneumococcal disease between sexes, nor between the various ethnic groups.
Risk Factors
Univariate analysis. The results of univariate analyses of risk factors for pneumococcal disease are summarized in Tables 2 and 3 . There was an increased risk of pneumococcal disease if the child had a flat or falling weight curve on the health card and there were also significant associations between an increased risk of pneumococcal disease and low z-score values of weight for height and weight for age which were only evident on univariate analysis. Given that the weight used for the z-scores was taken at the time of interview, the lower (42) 35 (22) 40 (25) 35 (22) 49 (31) 71 (45) 39 (24) 43 (27) 6 (4) pneumococcal disease. The following variables remained significant: mother's income, mother carrying the child while cooking, parental smoking, slope of weight chart, illness in past month, and significant illness in past 6 months (Table 4) .
Aetiologic and Preventive Fractions
The proportion of all cases attributable to a given risk factor, expressed as aetiologic or preventive fractions, is presented in Table 4 . An aetiologic fraction of greater than 30% was calculated for cases exposed to smoke either as a consequence of parental smoking or exposure to kitchen smoke while being carried by the mother, while poor weight progress had an aetiologic fraction of 24%, and significant illness in the past six months one of 14%. A preventive fraction of 30% was calculated for children who had an illness in the previous month, and one of 25% was calculated for children of mothers with an income.
values for the cases may have been partly attributable to acute weight loss associated with their illness. Recalculation of the z-scores after allowing an extra 5% on the weights of the cases considerably reduced the significance of the downward trend in risk of pneumococcal disease with increasing standardized weight, but there was still evidence of an effect. There was no statistically significant association between the risk of pneumococcal disease and the age at which weaning foods were introduced nor with dietary intake of foods containing vitamin A.
History of an illness during the month preceding interview was associated with a reduced risk of pneumococcal disease. This was most evident for children with a recent history of a non-respiratory illness.
The risk of pneumococcal disease was increased if the child was carried on the mother's back when she was cooking, or if anyone smoked in the room in which the child slept. The risk of pneumococcal disease was reduced if the mother had an income.
There was no statistically significant association between the risk of pneumococcal disease and estimates of domestic crowding, or with recent exposure to large crowds at social gatherings or clinics. Neither were there statistically significant associations between pneumococcal disease and immunization status, diet, family size, parental education, father's occupation nor with the estimate of total wealth.
Multivariate analysis. Since some of the variables were interrelated, a multiple conditional logistic regression analysis was carried out in order to determine which risk factors had independent effects on the risk of DISCUSSION As far as we are aware, this is the first study to investigate risk factors specifically for pneumococcal disease in children in a developing country. As well as investigating socioeconomic, environmental, medical and nutritional risk factors for pneumococcal disease, we have also investigated possible biochemical and immunological risk factors; the results of these studies will be presented in a future publication. The majority of children who presented with pneumococcal disease had pneumonia. The number of children with meningitis or septicaemia was insufficient for a separate analysis by disease group. Analysis of risk factors for pneumococcal pneumonia alone did not differ significantly from those for pneumococcal disease as a whole.
A number of studies have indicated an increased risk of pneumococcal disease associated with male sex. 5 " 7 Although the proportion of males in this study was slightly higher, this was not significant, nor was there any association with a particular ethnic group. Malnutrition, as indicated by low weight for age, low weight for height or flat or falling weight curves, was shown to be significantly associated with an increased risk of pneumococcal disease. A number of other studies from developing countries have indicated an association between malnutrition and pneumonia. 8 Data from the Philippines have shown an increased risk of severe acute lower respiratory infection (ALRI) and an increased mortality associated with malnutrition which remained significant after adjusting for other socioeconomic and environmental confounders. 9 A community based study conducted in Upper River Division of The 1.88(1.04-3.39 Gambia investigating risk factors for death from ALRI demonstrated a reduced risk of mortality associated with good weight progress. 10 Human breast milk has been shown to inhibit the attachment of Streptococcus pneumoniae and Haemophilus influenzae type b (Hib) to epithelial cells from the human respiratory tract." Prolonged breastfeeding has been shown to protect against diseases due to Hib in young infants in an urban population in the USA. 12 Several studies from developing countries report that breastfeeding has a protective effect against ALRI. 13 " 13 However, our study failed to demonstrate a significant association between breastfeeding and pneumococcal disease, perhaps because breastfeeding during infancy is almost universal in this community.
An increased morbidity from ALRI has been shown to be significantly associated with vitamin A deficiency. 16 -17 Several intervention studies have demonstrated a protective effect from supplementation with vitamin A, 18 " 21 and although this has not been confirmed universally, 22 * 23 overall the evidence suggests that an adequate supply of vitamin A has a major role in preventing morbidity and mortality in developing countries. 24 Our study failed to show a statistically significant association between vitamin A status and pneumococcal disease which is unlikely to be due to a lack of study power as the 95% confidence intervals were reasonably narrow. However, our assessment of vitamin A status was somewhat crude as it was based only upon dietary history, and so there is likely to be Odds ratio (95% CI) some misclassification in vitamin A status which may explain our apparent lack of an association. A history of a serious infection in the preceding 6 months was associated with an increased risk of pneumococcal disease. In most instances these were previous episodes of pneumonia or other ALRI. Although found to be an independent risk factor for pneumococcal disease in this study, serious infections in childhood also have an adverse effect on nutritional status, thereby perpetuating a cycle of malnutrition and infection. Illness during the previous month was associated with a reduced risk of pneumococcal disease. It is possible that some children may have received antibiotics for recent illness prior to being selected as healthy controls, however, few children in either group had documentary evidence of this.
Crowding has been shown to be a risk factor for ALRI in general 25 ' 26 and has also been shown to increase the risk of disease caused by Hib. 12 There have been several reports of outbreaks of pneumococcal pneumonia associated with crowded living conditions. 27 Our study failed to demonstrate crowding as a statistically significant risk factor for pneumococcal disease in this community. It is interesting to note that the risk of death from an ALRI in the same community was smaller the greater the number of children aged <5 years sharing the same bed. 10 A protective effect of increased numbers of under-fives sharing the same bed has also been observed in morbidity studies of ALRI elsewhere. 8 A prerequisite for under-fives crowding is under-fives survival. Given that the peak morbidity and mortality from ALRI occur in infants, if the number of young children sharing a bed reflects their ability to survive rather than poverty, then this would offer one explanation for this finding.
The risk of pneumococcal disease was increased if the child was exposed to tobacco smoke in the room where he slept. Passive smoking has been identified as a risk factor for ALRI in both developing 8 and industrialized countries. 28 -29 Mortality from ALRI was also shown to be increased in this community if one or both parents smoked. 10 There was also an increased risk of pneumococcal disease among children who were carried on their mother's back while she was cooking. In this region, kitchens are usually separate circular buildings with mud walls and a thatched roof. Timber is the commonest fuel used and is burned in an open stone hearth without a chimney. Thus, the child may be exposed to high concentrations of respirable paniculate matter, sulphur and nitrogen dioxide. An increased risk of morbidity and mortality from ALRI associated with the child being carried on the mother's back has been noted in other studies in this area, 10 -30 and the association between indoor air pollution and increased risk of ALRI has been documented elsewhere. 31 Mothers are more likely to carry a child if the child is ill and are also more likely to continue carrying a child until the child becomes too heavy. Therefore, ill children and those who are malnourished are more likely to be exposed to kitchen smoke than others, thus potentially establishing a cycle of exposure and disease.
There was no statistically significant association between risk of pneumococcal disease and family wealth, occupation or level of parental education, although there was a suggestion of reduced risk if the mother had received some education. Children whose mothers had a personal income were at reduced risk. This may be a reflection of the mother's ability to provide for her child independently and of her ability to take initiative and solve problems. It may also increase the mother's contact with other women who have experience in child care and are thus able to advise her. Alternatively, a mother is less likely to be able to sustain a personal income if her child has recurrent episodes of serious infections.
This study has identified a number of potentially avoidable or reversible risk factors for pneumococcal disease, the relative importance of which can be surmised by considering the aetiologic and preventive fractions calculated for these risk factors (Table 4) . Improving nutrition and intervening if a child's weight is faltering or falling are preventive measures which should be introduced at primary health care level. Prevention, early recognition and adequate treatment of serious infections should also be promoted. Reducing exposure to smoke in kitchens either by arranging for the child to be looked after by another family member while the mother is cooking, or introducing more efficient stoves which produce less smoke and are better ventilated is another measure which could be introduced at relatively low cost. Cigarettes are cheap and readily available in developing countries and their consumption is increasing. Governments and health ministries need to adopt responsible policies concerning the sale of tobacco. Banning the sale of cigarettes and tobacco would probably be the most effective way of dealing with this problem, however, it is unlikely that such a policy would be favoured. Therefore, increasing taxation on cigarettes and tobacco, banning advertising, and promoting public health education about the dangers of cigarette smoking should be introduced to reverse the present trend.
Enabling mothers to develop greater financial independence and encouraging them to seek appropriate treatment early during the course of their child's illness should also reduce the incidence of pneumococcal disease.
The development of a pneumococcal vaccine which is immunogenic in young children will probably offer the most effective means of preventing pneumococcal disease. However, the introduction of a low cost vaccine which protects against a large proportion of locally prevalent invasive serotypes is still some way off. Therefore, the preventive measures discussed above will remain important and should be actively promoted.
